Objective To describe the mode and timing of delivery of twin pregnancies at ≥34 weeks of gestation and their association with perinatal outcomes.
Introduction
Twin gestations account for 0.5-2.0% of all pregnancies, with rates varying largely by race/ethnicity and country. 1 Twins are at a higher risk for preterm delivery, 2 and for infant morbidity and mortality, 3, 4 and many epidemiological studies and a recent multicentred randomised controlled trial (RCT) show that the optimal duration of pregnancy may be shorter in multiple pregnancies compared with singletons. 2, [5] [6] [7] [8] Such outcomes are addressed in the current clinical guidelines of several countries. [9] [10] [11] [12] Recent studies state that there is no evidence of better perinatal outcomes for prelabour caesarean delivery versus planned vaginal delivery, as long as the first twin is in the vertex position in an otherwise uncomplicated pregnancy. [13] [14] [15] [16] Despite the lack of evidence, there is a continuing increase in caesarean section rates for twins in many low-, middle-and high-income countries, [17] [18] [19] and as noted by Blickstein we are in danger of 'a vicious circle in favour of caesarean section', 13 through decreasing experience in vaginal delivery. 20 On the other hand, sub-Saharan Africa seems to be excluded from this trend of increased rates of caesarean section, 21, 22 and in many low-and middle-income countries, inequalities in access to caesarean delivery still reflect socio-economic inequities for skilled delivery.
In this secondary analysis of the WHO Multicountry Survey on Maternal and Newborn Health-a large multicentre cross-sectional survey of deliveries in 29 countries in Africa, Latin America, Asia and the Middle East-we sought to describe the mode and timing of twin deliveries in institutions capable of caesarean delivery, and to address their association with perinatal outcomes.
Methods

Study design and data collection
This is a secondary data analysis of the WHO Multicountry Survey on Maternal and Newborn Health (WHOMCS) carried out in 359 health facilities from 29 countries in Africa, Asia, Latin America, and the Middle East. Full methodological details are available in our previous article. 23, 24 In brief, a multistage cluster sampling method was applied to acquire samples of health facilities in 29 countries. Trained health professionals at these facilities retrieved information from medical records, including individual data on demographics and reproductive characteristics, medical conditions during pregnancy, birth outcomes, complications, and received interventions for all women who were admitted for delivery or had severe maternal outcomes. In addition, health facility data were obtained, regarding capacity on laboratory tests, blood transfusions, availability of intensive care for mothers and babies, surgical procedures, human resources and training, and the capabilities of obstetrics and neonatal healthcare services. Data were collected in each facility over a period of 2-4 months from May 2010 to December 2011.
Study population
For our analysis we used a subpopulation of the available data set that included all twin pregnancies delivered at or later than 34 weeks of gestation in low-or middle-income countries, with no medical contraindication for vaginal delivery. As approximately 50% of twins are delivered preterm, with 30% delivered in the late preterm period (34-36 weeks of gestation), 9 a cut-off of 34 weeks of gestation was chosen in accordance with previous studies. 16, 25 Of the 317,107 deliveries observed in this subpopulation, 4112 were twin deliveries. We excluded 468 twin deliveries in seven countries where data on all second twins were missing (Paraguay, Peru, Philippines, Qatar, Thailand, Vietnam, and Uganda). Thirty-eight deliveries in high-income countries (Japan) were included only in a descriptive analysis on variability between countries. We further excluded deliveries with congenital malformations or macerated fetal deaths of either twin (n = 82), maternal complications (n = 557), women with previous caesarean section (n = 389), as well as deliveries with missing data on gestational age, onset of labour, fetal presentation, birthweight, infant status at birth or at seventh day of life of either infant (n = 108), and retrieved 2134 twin deliveries at or later than 34 weeks of gestation that had no medical indication for urgent delivery.
As only 121 (5.6%) were deliveries after induction of labour, we also excluded these and focused on the remaining 2013 deliveries from 21 countries that were either prelabour caesarean delivery (n = 384) or delivery following spontaneous onset of labour (n = 1629) (Figure 1 ).
Exposure and potential confounding variables
Our main comparison of interest was to compare prelabour caesarean delivery with 'expectant management': the decision to not perform a prelabour caesarean delivery at a specific gestational age (in which case the comparison groups would be all deliveries after that gestational age). 26, 27 We also defined intrapartum caesarean section as caesarean section after the spontaneous onset of labour.
The WHOMCS individual data set includes demographic characteristics, obstetric and medical history, mode of delivery, and maternal and perinatal outcomes until discharge from hospital, or up to the seventh postpartum day or death, whichever occurred first. Morbidity and mortality occurring post-discharge or during a subsequent readmission were not captured.
Medical conditions or complications, such as intubation, were recorded as binary variables (yes/no), and severity, time of onset, and management were not captured. All continuous variables, such as maternal age, were converted into categorical variables. Gestational age was recorded in completed weeks based on the best available obstetric estimate; the method of estimation was not recorded. Chorionicity and amnionicity were not available in the WHOMCS database, and thus were not accounted for in the analysis.
The maternal-level confounding factors included were: maternal age (<20, 20-35, >35 years), maternal education (0, 1-4, 5-9, ≥10 years), and parity (0, 1-2, ≥3). Perinatal-level confounding factors were fetal presentation (vertex-vertex, vertex-nonvertex, nonvertex first twin), infant concordance (concordant, discordant, both of severe small gestational age, SGA), and prematurity (preterm, term). Discordancy was defined as an inter-twin birthweight difference of over 20% of the smaller twin, [28] [29] [30] [31] and severe SGA as a birth weight below the third percentile of the singleton reference, using a population-based standard developed by Mikoliaczyk and collegues, 32 which was applied to our data set.
Additionally, the analyses were adjusted for the Human Development Index (HDI), based on the 2012 rankings, 33 as well as for the facility capacity index category, a proxy for the capacity of the institution to provide essential obstetric care and additional services, which was calculated as the total score of services, and categorised into low, medium, and high.
Main outcomes and definitions
Neonatal adverse outcomes were the main outcome of interest: stillbirth, early neonatal mortality, and neonatal near miss. Neonatal near miss was defined as any of the following: any intubation (at birth or at any time within the first week of life); nasal continuous positive airway pressure (CPAP); surfactant administration; cardiopulmonary resuscitation (cardiac massage); any surgery; or the use of any vasoactive drug, anticonvulsants, phototherapy in the first 24 hours, steroids to treat refractory hypoglycaemia, or therapeutic intravenous antibiotics. This set of life-saving interventions has previously been used to study the applicability of the near-miss concept in newborn infants, developed by Avenant, 34 and explored as 'management markers of severity' by Pileggi-Castro et al. 35 Analysis and statistical methods First we described country-specific prelabour caesarean rates, intrapartum caesarean section rates, and the mean age of delivery for twin pregnancies, stratified by fetal presentation and HDI ranking. For this analysis we included deliveries in Japan and in countries where all second-infant data were missing.
Next we reported the frequencies for maternal and neonatal characteristics in prelabour caesarean deliveries and spontaneous deliveries. We also used multilevel multivariate logistic regression to calculate the association of each characteristic and the odds ratios of prelabour caesarean delivery. This method enabled us to take into account the clustering effect within mothers, facilities, and within HDI subgroups, as well as adjusting for maternal characteristics.
To calculate the effect of gestational age for delivery on neonatal adverse outcomes, we adopted the prospective risk approach originally proposed by Feldman, 36 and calculated the 'prospective perinatal mortality' according to Kramer. 37 Prospective fetal death was calculated as the probability of stillbirth in deliveries at or after a certain gestational age, and prospective perinatal mortality was calculated as the probability of either early neonatal death or stillbirth in deliveries at or after a certain gestational age. This approach allows us to compare the risk of adverse outcomes between different gestational lengths, as well as between the termination and the continuation of the pregnancy, and between prelabour caesarean section and expectant management, both at a given gestational age. Our small sample size limited us from adjusting for potential confounding factors in this analysis.
As perinatal mortality and the neonatal near-miss rate were lower in women undergoing prelabour caesarean delivery, compared with those receiving expectant care for most gestational ages between 34 and 40 weeks of gestation, we also compared prelabour caesarean section at any age above 34 weeks of gestation with women undergoing expectant management. We accounted for any clustering effects within mother, facility, and HDI subgroups, as well as adjusting for maternal characteristics other than gestational age; however, we did not adjust for gestational week in this analysis. Adjustment for gestational age would have created a comparison between prelabour delivery and spontaneous labour both at the same gestational age, when actually the correct comparison for prelabour delivery at a given gestational age is to directly compare prelabour delivery with women undergoing expectant management. 27, 38, 39 We repeated this with stratification by fetal presentation.
To make a direct comparison of prelabour delivery and expectant management, we compared prelabour delivery at 34-36 weeks of gestation with expectant management (i.e. delivery after 37 weeks of gestation), as well as prelabour delivery at 37-38 weeks of gestation with expectant management (delivery after 39 weeks of gestation). In this analysis we also used multilevel analyses to account for clustering within the mother, institutions, and HDI subgroups, and adjusted for maternal characteristics. We further investigated effect modification by HDI subgroups.
For all analyses, estimates were adjusted for survey design and P < 0.05 was considered significant. We have reported all odds ratios (ORs) with corresponding 95% confidence intervals (95% CIs). Missing values were excluded from all logistic regression models. Statistical analysis was conducted using STATA/MP 13.0 (StataCorp LP, College Station, TX, USA).
Results
In Figure 2 (A,B) we show the timing and mode of delivery in twin pregnancies for each country. Mean gestational age for delivery decreased and the proportion of prelabour caesarean deliveries increased with higher HDI: the coefficients of determination were R 2 = 0.26 and 0.51, respectively. Figure 2 (A) shows the average gestational length of delivery by the HDI ranking of the country. Of the 21 countries participating in our study, the average length of gestation for all twins delivered after 34 weeks of gestation was 37.6 weeks of gestation. In seven low-and middle-HDI countries (Afghanistan, Angola, Cambodia, Congo, Nicaragua, Niger, and Uganda), twin pregnancies have an average length of gestation above 38 weeks of gestation. Figure 2 (B) shows the prelabour caesarean section rate by the HDI ranking of the country, in which 16.8% of all twins were delivered by prelabour caesarean section, and another 17.6% were delivered through intrapartum caesarean delivery following the spontaneous onset of labour. The prelabour caesarean rate differed by HDI, with 11% in low-, 27% in medium-, 35% in high-, and 56% in very high-HDI countries, with rates in Japan, China, and Brazil of over 60%, and rates in Cambodia, Angola, Uganda, and Afghanistan of below 5%.
A more complete overview is shown in Table S1 , where average gestational length and caesarean section rate (prelabour and emergency) are shown by fetal presentation for each country. The overall rate of prelabour delivery (19.1% overall) differed largely by presentation: 14% of deliveries were for vertex-vertex presentation; 17% were vertex-nonvertex presentation; and 32% occurred for nonvertex first--twin presentation. Rates of prelabour caesarean section for nonvertex first-twin presentation were significantly higher compared with vertex-vertex presentation in Ecuador, Jordan, Afghanistan, India, Pakistan, Kenya, and Nigeria, however. Table 1 illustrates maternal, obstetric, and institutional characteristics, as well as their association with the estimated risks of receiving prelabour caesarean delivery. Of the pregnancies experiencing a spontaneous onset of labour, 25% were delivered through intrapartum caesarean section.
For maternal characteristics, lower age and multiparity were associated with fewer prelabour caesarean deliveries. Mothers aged under 20 years and parous mothers were nearly three times more likely to experience the spontaneous onset of labour, compared with women aged over 20 years and nulliparous women.
Marital status was not significantly associated with the onset of labour, but those who had completed over 12 years of education were 1.9 times more likely to have a prelabour caesarean section.
Fetal presentation was highly associated with the onset of labour: a nonvertex first-twin presentation increased the odds of prelabour delivery by four times, compared with vertex-vertex presentation. The risk of intrapartum caesarean section after an attempted vaginal delivery was five times higher in a nonvertex first-twin presentation, compared with vertex-vertex twins.
Concordance was not significantly associated with the onset of labour, but women with small-for-gestational-age (SGA) twins were more likely to experience spontaneous labour.
The capacity of the healthcare facility and the level of development of the country were both associated with the onset of labour. Deliveries in low-capacity facilities and low-income countries were 2.5-5.0 times more likely to experience spontaneous labour.
Next we investigated the distribution of timing of twin deliveries, rates of prelabour caesarean section, as well as their perinatal outcomes for each gestational week by fetal presentation. The largest number of deliveries was at 37-38 weeks of gestation, which was the same when limited to only prelabour caesarean delivery. Most prelabour caesarean deliveries were performed at 38 weeks of gestation for vertex-vertex presentation, and at 37 weeks of gestation for vertex-nonvertex and nonvertex first-twin presentations. The lowest rate of prospective fetal death was observed at 36-37 weeks of gestation, and varied slightly by fetal presentation: 37 weeks of gestation for vertex-vertex; 39 weeks of gestation for vertex-nonvertex; and 38 weeks of gestation for nonvertex first twin. The prospective fetal death rate was higher in vertex-nonvertex and nonvertex firsttwin presentations, compared with vertex-vertex twins, at every gestational age, except for 41 weeks of gestation. Detailed results are shown in Table 2 .
As shown in Table S2 , we also compared perinatal adverse outcomes between prelabour delivery and expectant management for each week of gestation from 34 to 41 weeks of gestation. Perinatal mortality was lower at each gestational week in prelabour caesarean deliveries compared with spontaneous labour deliveries. Our small sample size made comparison difficult after stratification by fetal presentation.
Following these analyses, we further compared perinatal adverse outcomes between prelabour caesarean delivery and spontaneous labour, adjusting for institutional, maternal, and neonatal characteristics, and stratifying by fetal presentation. Table 3 twins delivered by prelabour caesarean delivery, compared with deliveries following the spontaneous onset of labour. As shown in Table 3 , after stratification by fetal presentation this protective effect for reducing neonatal mortality was not present in vertex-vertex twins (1.07; 95% CI 0.44-2.57), and was stronger in nonvertex first-twin deliveries (0.12; 95% CI 0.02-0.56). All effects for neonatal near miss were insignificant after stratification, but produced similar estimates: 0.64 for vertex-vertex; 0.66 for vertexnonvertex; and 0.59 for nonvertex first-twin presentation. Adjusted odds ratio (aAOR), adjusted for maternal age, marital status, education, parity, fetal presentation, birthweight concordance, prematurity, facility capacity, and country HDI (as of 2012). Severe SGA: birthweight below third percentile of singleton reference. Level of significance: * P < 0.05; ** P < 0.01; *** P < 0.001. Table 4 shows a direct comparison between prelabour caesarean section and expectant management, stratified by the HDI of the country. The perinatal mortality and neonatal near-miss rates were lower at 37-38 weeks of gestation for prelabour caesarean delivery, and higher for expectant management, when compared with 34-36 weeks of gestation. Although all estimates were nonsignificant, perinatal mortality and the neonatal near-miss rate were estimated to be 1.2-1.9 times higher at 37-38 weeks of gestation in the expectant management group, compared with prelabour caesarean delivery, for all HDI subgroups. When comparing perinatal mortality and the neonatal near-miss rate between prelabour caesarean delivery and expectant management at 34-36 weeks of gestation, estimates ranged from 0.8 for medium-HDI countries to 1.1 for very highand high-HDI countries.
Discussion
Main findings
We observed a higher proportion of prelabour caesarean delivery in twin pregnancies of older women, women with a higher level of education, women who delivered at higher capacity facilities, and women from wealthier countries. Overall, the neonatal near-miss rate was lower among prelabour caesarean deliveries compared with expectant management. After adjusting for institutional, maternal, and neonatal characteristics, prelabour caesarean delivery was 26 (20) 36 (23) 56 (23) 85 (20) 90 (20) 40 (17) 45 (14) 11 (19) 13 (18) 26 (23) 20 (10) 39 (17) 13 (11) 12 (8) 5 (13) 9 (20) 14 (21) 24 (19) 20 (17) 12 (18) 9 (10) 10 (32) 14 (40) 16 (24) 41 (38) 31 (33) 15 (26) 24 (32) 10 (11 A neonatal near miss is considered as any of the following: any intubation (at birth or at any time within the first week); nasal CPAP; surfactant administration; cardiopulmonary resuscitation (cardiac massage); use of any vasoactive drug; use of therapeutic intravenous antibiotics; use of blood products; use of steroids to treat refractory hypoglycaemia; or any surgery. *Defined as events in one or both twins. **Calculated as (all fetal deaths occurring at or after given gestational age/all fetuses delivered at or after given gestational age) 9 1000. ***Calculated as (number of events at a given gestational age/total live births at a given gestational age) 9 1000. Adverse outcomes defined as events in one or both twins. Neonatal near miss is considered as any of the following: any intubation (at birth or at any time within the first week); nasal CPAP; surfactant administration; cardiopulmonary resuscitation (cardiac massage); use of any vasoactive drug; use of therapeutic intravenous antibiotics; use of blood products; use of steroids to treat refractory hypoglycaemia; or any surgery. Adjusted odds ratio (aOR), adjusted for: maternal age; marital status; education; parity; birthweight concordance; prematurity; facility capacity; and country HDI. Levels of significance: * P < 0.05; ** P < 0.01; *** P < 0.001.
associated with lower neonatal mortality, perinatal mortality, and neonatal near-miss rate for nonvertex first-twin presentation. We also found the wealth of a country to be associated with higher rates of prelabour caesarean section and a lower mean gestational age for delivery in twins.
Strengths and limitations
To the best of our knowledge, this is the first multicountry study to describe the timing and mode of delivery for twin pregnancies in low-and middle-income settings. To take account of heterogeneity in different settings, we stratified countries by HDI and adjusted for health institutional capacity. To correctly calculate the risk of adverse outcomes at different gestational lengths, as well as to compare between termination and continuation of the pregnancy, we followed the prospective risk approach originally proposed by Feldman, 36 which has been recommended in other work. 7, 37 Our study has two main limitations, however. First, as our study was conducted in relatively large health institutions capable of performing caesarean section, our findings may not be generalisable to deliveries in smaller facilities, especially in those with limited capacity of performing surgery or other more complex interventions, and our calculated proportions and averages may differ from those at the national level. As multiple pregnancies are considered to be high risk, however, and are often referred to higher institutions, we believe our study is likely to reflect existing practice and the risk of adverse perinatal outcomes. Second, as a result of a relatively small number of deliveries and events, our study lacks the scope to detect significant differences, and our estimations are unstable when stratified by each gestational week. Third, we were not able to incorporate data on chorionicity or amnionicity, as these data were not collected. Although these are inevitably important factors when managing twin pregnancies, in many developing countries this information is not available before delivery because of the low consultation and ultrasound rate during the first trimester.
Interpretation
We found that countries with a lower HDI had lower rates of prelabour caesarean section and higher mean gestational age at delivery. Seven of the 21 low-and middle-income countries in our study had a mean length of gestation above 38 weeks of gestation. Although we had restricted our population to deliveries later than 34 weeks of gestation, this is longer than previously reported in high-income countries, 2, 5, 7, 40, 41 and is also higher in lower HDI settings. Although longer gestational length may provide time for maturation of twin fetuses, the risk of perinatal death may outweigh this benefit beyond 37-38 weeks of gestation. Our study showed that expectant management after 37-38 weeks of gestation could increase perinatal morbidity and mortality. Perinatal outcomes may be improved in such cases if twins are closely monitored and if delivery is performed by 37-38 weeks of gestation. This is supported by studies in developed countries that balanced the risk of intrauterine stillbirth and neonatal morbidity, 2, [5] [6] [7] [8] as well as a recent multicentred RCT that found planned twin deliveries at 37 weeks of gestation did not increase adverse outcomes, 8, 42, 43 and is reinforced by current guidelines that recommend twin delivery at 34-38 weeks of gestation. [9] [10] [11] In most current guidelines on the management of twin pregnancies, fetal presentation is the determining factor for *Denominator is all fetuses delivered after given gestational age, or were delivered at given gestational age following spontaneous onset of labour. Level of significance: * P < 0.05; ** P < 0.01; *** P < 0.001.
mode of delivery, with maternal characteristics such as maternal age, multiparity, and natural conception modifying the beneficial effect of prelabour caesarean delivery. 44 Several countries have specific recommendations for vertex-vertex or nonvertex first-twin presentations. 3, 11, 12 An attempted trial of vaginal delivery is recommended for vertex-vertex presentation, whereas a prelabour caesarean section is recommended for nonvertex first-twin presentation. 10, 12, 13, 45 In the case of vertex-nonvertex presentation, there is little available evidence upon which to base recommendations for delivery methods. 20, 46 A recent large trial of over 1400 women with twins showed that planned vaginal delivery was equally as feasible as planned caesarean section when delivering at 38 weeks of gestation; 47 however, the recommended method of delivery is still under debate. Observational studies using existing data sets covering births of routine clinical practice should be further explored for supportive evidence.
Our findings, as supported by other studies, 17, [20] [21] [22] show that experience and preference, as well as disparities in access to care, may be significant determinants as to who delivers by prelabour caesarean delivery. Only seven (25%) countries had significantly higher rates of prelabour caesarean section for nonvertex first-twin presentation, compared with vertex-vertex presentation. On the other hand, the proportion of prelabour caesarean deliveries was higher in older women, with a higher level of education, and in those admitted to higher capacity facilities and in higher HDI countries.
The difference by HDI was prominent. In five countries, prelabour caesarean section was performed in over 50% of vertex-vertex presentations, whereas in 11 countries the procedure was performed in less than 10% of such cases. Surprisingly, differences were also observed in deliveries that featured a nonvertex first-twin presentation, a state where prelabour caesarean delivery is recommended in multiple guidelines, [12] [13] [14] because of the possibility of the fatal complication of interlocking twins and the high rate of intrapartum caesarean section after attempted vaginal delivery. In low-HDI countries 75% of women with a nonvertex first-twin presentation experienced the spontaneous onset of labour, 40% of whom required an intrapartum caesarean section.
A recent study in France on mothers undergoing a trial of vaginal delivery also reported that nearly half of such mothers required intrapartum caesarean section, 45 and made recommendations to avoid attempting vaginal delivery for nonvertex first-twin presentation. Our analysis also showed that prelabour caesarean section was associated with reduced neonatal morbidity and mortality in non-vertex twins. Although experience and high multiparity may contribute to the high success rate of vaginal delivery in 60% of low-and middle-income countries (in high-HDI countries, the success rate of vaginal delivery was 5%), an increase in prelabour caesarean section for nonvertex twin pregnancies would most likely lead to improved perinatal outcomes.
Many reports state that the human resources required for caesarean deliveries are still lacking in many low-and middle-income countries, 21, 48 which is one of the likely reasons why vaginal deliveries are attempted for cases where such delivery is not normally recommended: for example, in the case of nonvertex first-twin presentation. Our previous study shows that twin pregnancy is a significant risk factor for maternal and perinatal morbidity in low-and middle-income countries. 49 In light of this high risk and the 3-5% prevalence of multiple births, as well as the protective effect of prelabour caesarean delivery on the fetus, it is critical to develop measures that advance timely access to facilities capable of performing safe caesarean delivery in order to greatly improve twin pregnancy outcomes.
Conclusion
We found that the prelabour caesarean delivery rate was lower in countries with a low-HDI ranking, and that prelabour caesarean delivery may be beneficial for twins with nonvertex first-twin presentation.
Further studies, as well as the development of international guidelines on the optimal delivery method of twins, such as those implemented in developed countries, combined with training for the antepartum diagnosis of fetal presentation, could play an important role in enhancing maternal and neonatal outcomes in the management of twin pregnancy.
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